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tems  in many areas. From 1979  to 2002,  the range of  this species expanded by as much as
70% (Nakajima, 2007). Although stripping of bark, grazing on grass, and browsing on tree
understories are normal  foraging behaviors  in deer,  these activities  in excess can cause se‐
vere damage. Excessive bark stripping causes wood decay, leading to a decline in the forest
cover  (Akashi & Nakashizuka, 1999; Miquelle & van Ballenberghe, 1989; Yokoyama et al.,






tective management,  for  example, wrapping  tree  trunks  in wire mesh,  have  been  imple‐
mented  in  addition  to deer population  control  via  culling  and  the  erection  of deer‐proof
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cipitation  (annual mean  precipitation,  4,500 mm; Nara  Local Meteorological Observatory
1997). The vegetation on Mt. Odaigahara  is classified  into 2 main  types:  (1)  the dominant
tree species on the eastern part of the mountain is Picea jezoensis (Sieb. et Zucc.) Carriere var.
hondoensis  (Mayr) Rehder, and  (2)  those on  the western part are Fagus  crenata Blume and
Abies homolepis Sieb. et Zucc (Ide & Kameyama, 1972).
A; Location of Mt. Odaigahara in Japan. B: Location of study plots. C and D: Views of forests in Mt. Odaigahara. Photo
C shows a forest of P. jezoensis var. hondoensis trees, whereas D shows a heavily declined forest.
















The middle part of the tree trunk that does not have wire mesh protection has been debarked by deer.
Figure 3. Examples of tree trunks without (left) and with (right) wire mesh protection (Oishi, 2011)
 
The photo on the left shows Sasa nipponica Makino et Shibata. browsed by sika deer. In this photo, the upper parts of
the plants were browsed by sika deer. The right photo shows a deer fence and the effects of protection from browsing
by sika deer: the height of the plants within the deer fence (back) is greater than that of the plants outside the fence.
Figure 2. Deer fence and the influence of browsing by deer on vegetation































The lower parts of many tree trunks (left) and fallen logs (right) are extensively covered with epiphytic bryophytes be‐
cause of the high humidity.
Figure 4. Epiphytic bryophytes in Mt. Odaigahara
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These species frequently occurred in the study plots: A, D. japonicum; B, P. arbuscula; C, H. affine; D, H. tristo-viride; E,
H. splendens; F, M. verrucosa





The species richness of  individual P.  jezoensis var. hondoensis  trees decreased over 30 years
from 18.0 ± 3.5 to 5.7 ± 3.4 in Masakitoge and from 18.0 to 7.5 ± 5.3 in Masakigahara (mean or
mean ± SD)  [[Table 1 and Fig. 7 are based on Doei & Nakanishi  (1984) and Oishi  (2011)]].






cover  indirectly affected bryophyte diversity because of  the changes  in  the environmental
conditions (e.g., air humidity), and (2) the protection of trees using wire mesh directly affect‐
ed bryophyte diversity because of metal pollution.




Figure 6. Bryophyte function in the ecosystem








Total With wire mesh
Masakitoge 1980s 2 0 23.7
2008 10 8 23.8 ± 4.2
Masakigahara 1980s 13 0 34.4 ± 7.6
2008 10 9 25.0 ± 11.2
Table 1. Summary of the characteristics of the study plots sampled for comparing the changes in the species richness
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jezoensis var. hondoensis  trees,  including  those with and without a protective wire mesh. In
total, 9 plots (each 20 × 20 m in size) were selected (Fig. 1 A–I; Table 2) to examine the influ‐
ence  of wire mesh protection  on  epiphytic  bryophyte diversity The  names  of plots were



































The GLMs  constructed using  the environmental variables are presented  in Table 3. These
models showed that the species richness and bryophyte cover were significantly correlated
with DBH (height, 1.5 m) and tree density (p < 0.01) but negatively correlated with the presence
of wire mesh  protection  (p  <  0.01).  The GLMs  for  species  richness  and  bryophyte  cover
explained 70.1% and 80.4% of the variance, respectively (p < 0.01 for both models).












To examine  the  influence of wire mesh protection on  the bryophytes,  inductively coupled







Dry  samples  (0.05–0.10  g)  were  placed  in  polytetrafluoroethylene  vessels  and  weighed.
Subsequently, 5 mL of nitric acid was added to the samples, and they were digested using a








Tree density No. of Picea jezoensis var. hondoensis trees
(m2/plot) Total With wire mesh
Plot A 1676 3.1 3 2
Plot B 1672 4.0 7 6
Plot C 1621 5.5 2 2
Plot D 1619 4.3 8 7
Plot E 1597 13.9 12 0
Plot F 1572 11.9 15 0
Plot G 1576 19.9 11 11
Plot H 1597 12.7 22 0
Plot I 1590 9.9 30 30
Table 2. Summary of the characteristics of the study plots sampled, including altitude, tree density, and number of
trees surveyed, adapted from Oishi (2011)
Species richness Cover
Variables coefficients t-value p coefficients t-value p
Intercept 7.30 3.81 < 0.01 2.26 7.30 < 0.01
Tree density 3.51×10-4 3.10 < 0.01 6.30×10-5 3.43 < 0.01
Host tree DBH 2.01×10-1 3.12 < 0.01 2.29×10-2 2.18 < 0.05
Wire mesh –1.43×10-1 −14.2 < 0.01 –3.19×10-2 −19.5 < 0.01
Adjusted R squared 0.701 0.804
Table 3. Generalized liner models showing the association of species richness and bryophyte cover with
environmental variables (Oishi, 2011). The significance level of the coefficients and adjusted R2 values are shown.
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The bars represent the mean value of species richness and epiphyte cover on a single tree, and the error bars represent
the corresponding standard deviations. Most tree trunks in plots A, B, C, D, G, and I had wire mesh protection.


















because  bryophytes  contribute  significantly  to  the  species  richness  and  biomass  of  tree
trunks (Fritz, 2009; Lyons et al., 2000), as well as for ecosystem functions.
Furthermore,  in addition  to bryophytes,  tree bark also provides  important habitats  for  li‐
chens and vascular epiphytes (Williams & Sillett, 2007). However, as heavy metals are toxic
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to  these plants  (Tyler et al., 1989), wire mesh protection may also  contribute  towards de‐







































S. ampliata (N = 3)





als used  for protection. Alternative  techniques  for plant protection  include  the use of  tree
shelters in which trees are enclosed in plastic tubes (Ward et al., 2000) and forest enclosures
using plastic mesh fencing (Vercauteren et al., 2006). However, these alternatives may also
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Wrapping trees with 
wire mesh






Figure 10. Positive and negative effects of wire mesh protection on the biodiversity
Appendix
This list shows the average cover of each species on a single P. jezoensis var. hondoensis tree.
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